Abstract: Advances in immunotherapy have led to radical improvements in outcomes, including overall survival, such as in non-small cell lung cancer (NSCLC) patients with metastatic disease treated with immune checkpoint inhibitors. More recently, promising results have been obtained in earlier disease settings, and combinations with other therapies are being actively investigated. Durvalumab, a monoclonal antibody directed against the programmed death ligand 1, has demonstrated significant activity in NSCLC, including increased progression-free survival rates after chemoradiation for unresectable stage III disease, with a favourable safety profile. Clinical trials, including phase III studies, are ongoing as monotherapy and in combination with chemotherapy, radiotherapy and other immunotherapies, such as the anti-cytotoxic T-lymphocyte antigen 4 drug tremelimumab, in diverse stages of the disease.
Introduction
Non-small cell lung cancer (NSCLC) is one of the most common neoplasms in developed countries, and the leading cause of cancer mortality worldwide. 1 Early stages (I-II) account for approximately 20% of lung cancer diagnoses, with 5-year overall survival (OS) rates of 40-70% following standard surgical treatment (lobectomy with systemic lymph node resection) or stereotactic body radiation therapy (SBRT). Locally advanced tumours are frequently treated with multidisciplinary approaches, including chemotherapy and radiotherapy or surgery, and expected survival at 5 years is in the range of 15-30%. In the advanced disease setting, the 5-year OS rate with standard treatment based on platinum-doublet chemotherapy is below 5%. Recently, however, immune checkpoint inhibitors (ICIs), monoclonal antibodies directed to PD-1/PD-L1 (programmed death 1/programmed death ligand 1) and to a lesser extent to CTLA-4 (cytotoxic T-lymphocyte antigen 4), have led to a revolution in the treatment of advanced stages of NSCLC, offering durable responses in around 15-20% of patients and a significant impact on survival. [2] [3] [4] Indeed, several phase III clinical trials have demonstrated the superiority of ICIs, with a favourable safety profile compared with chemotherapy for advanced NSCLC, leading to its approval for use in different settings. Pembrolizumab (Keytruda®), a PD-1 inhibitor, can be administered to previously treated patients with advanced NSCLC and PD-L1 expression in ⩾1% of tumour cells, 5 and to treatment-naïve patients with PD-L1 expression in ⩾50% of tumour cells. 6 Nivolumab (Opdivo®), another PD-1 inhibitor, and atezolizumab (Tecentriq®), a PD-L1 inhibitor, have been approved for previously treated advanced NSCLC regardless of PD-L1 expression, 7, 8 while durvalumab (MEDI4637), another PD-L1 inhibitor, has demonstrated durable progression-free survival (PFS) rates in patients with stage III NSCLC after concurrent treatment with chemoradiotherapy. 9 An unmet need is to reliably identify which patients are going to benefit from ICI treatment. PD-L1 expression by immunohistochemistry (IHC) in tumour tissue has been described as a predictive biomarker of benefit with this class of agents; 10 however, relevant responses have also been seen in some patients with PD-L1-negative tumours. Other potential predictive tools may include the immune microenvironment profile, the tumour mutational burden (TMB), specific genomic aberrations underlying the tumour, and the immune gene expression profile. This demonstrates the need for finding validated biomarkers of immune response applicable in the clinical practice.
Durvalumab is a monoclonal immunoglobulin (Ig)G1 κ antibody directed against the PD-L1, whose immunomodulatory effect has been studied in advanced stages of NSCLC, demonstrating activity and an adequate safety profile. [11] [12] [13] In this review we will discuss the development, efficacy and safety of durvalumab, ongoing studies and future directions in NSCLC.
Mechanism of action of ICIs
Developments within the immunotherapeutic field commenced more than 120 years ago with contributions by scientists such as Paul Ehrlich or Burnett and Thomas. These pioneers laid the foundations of the cancer immunosurveillance hypothesis, which implies that innate and adaptive immunity are responsible for preventing cancer development in immunocompetent hosts. 14 Cancer cells express neoantigens on their surface that are often the products of mutated cellular genes or aberrantly expressed normal genes, alerting the immune system of the presence of abnormal or 'nonself' cells. The release of proinflammatory cytokines such as interferon (IFN)-γ or tumour necrosis factor (TNF)-α is key for an effective immune response, but tumour cells can also modulate immunogenicity by other mechanisms. These include: the secretion of immunosuppressive factors such as vascular endothelial growth factor, transforming growth factor (TGF)-b or indoleamine 2,3-dioxygenase (IDO); recruiting regulatory immune cells (Tregs) that function as the effectors of immunosuppression; down-regulating cell surface major histocompatibility complex (MHC) class I molecules; or expressing negative co-stimulatory molecules (CTLA-4, PD-1, PD-L1). The duality between host-protective and tumour-promoting actions represents the immunoediting process, whose function is to achieve an equilibrium that avoids the escape of developing tumour cells from the immune system. 15 Numerous immunotherapies have been explored to reverse cancer outgrowth, including vaccines, cytokines, genetically-engineered tumour-specific lymphocytes, the therapeutic administration of monoclonal antibodies, and many other approaches. At present, the most advanced and successful therapies in clinical practice have been the ICIs, which are involved in the regulation of T-cell responses. 3, 16 Among them, the most frequently used are antibodies against PD-1, PD-L1 and PD-L2, and CTLA4, but other molecules such as T-cell immunoglobulin and mucin domain 3 (TIM3), OX40, B-and T-lymphocyte attenuator or lymphocyte-activation gene 3 (LAG3) have been recently identified as potential targets for cancer immunotherapy. 17 The process by which T-cells can recognize and then kill tumour cells involves multiple steps. 3, 18 It starts with the presentation of antigenic tumour peptides through MHC on antigen-presenting cells (APCs), with the subsequent expression of B7-1 (CD80) and B7-2 (CD86) molecules on their surface. Thereafter, APCs migrate to lymph nodes, where they interact with T-cells. In the 'two signal' antigen-specific model of T-cell activation, both T-cell receptor (TCR) engagement (signal 1) and a co-stimulatory signal, B7-CD28 (signal 2), are required ( Figure 1 ). CTLA-4 is up-regulated shortly after T-cell activation, and through a series of mechanisms negatively regulates T-cells. Anti-CTLA-4 antibodies, such as ipilimumab and tremelimumab, block this inhibitory signal and thereby enhance antitumour activity by their interaction with CD80 and CD86. In the effector phase, once the T-cells have been activated, they can subsequently recognize and neutralize tumour cells. PD-1 is expressed by T-cells after antigen exposure, and its interaction with PD-L1 and PD-L2, which can be expressed by tumour cells and tumour stroma as well as in APCs, results in the negative regulation of T-cells in the tumour microenvironment, leading to T-cell exhaustion or anergy. Blockade with antibodies to PD-1 or PD-L1 (e.g. nivolumab and pembrolizumab or durvalumab and atezolizumab) results in the activation of T-cells with cancer specificity. To date, there is no compelling evidence indicating that antibodies against PD-1, which block binding to both PD-L1 and PD-L2, have differential immune and clinical effects of relevance as compared with antibodies against PD-L1. 19 Checkpoint inhibitors in NSCLC: comparisons and overall results Despite significant efforts being made to target immune checkpoints, it was not until 2011 that N Muñoz-Unceta, I Burgueño et al. 5, 7, 21, 22 All of the trials showed improved OS over chemotherapy and confirmed their indication in this context. Consistently across trials and agents, the magnitude of the benefit observed was proportional to the level of PD-L1 expression in the tumour. 23 Furthermore, all anti-PD-1/ PD-L1 agents have shown efficacy when used as first-line treatment, [23] [24] [25] [26] [27] although nivolumab failed to improve PFS or OS over chemotherapy in patients expressing PD-L1 in ⩾5% of tumour cells (primary endpoints). 24 On the other hand, pembrolizumab resulted in improved PFS and OS compared with platinum-based chemotherapy in treatment-naïve patients with advanced NSCLC exhibiting PD-L1 expression on ⩾50% and ⩾1% of tumour cells. 6, 23 Another clinical approach gaining interest is the combinations of ICIs with chemotherapy or other immune-based therapies. [28] [29] [30] [31] [32] [33] [34] The latest findings report a benefit in efficacy for the new agents 32 Nivolumab plus standard of care chemotherapy is also being explored in a cohort of the CheckMate 227 trial, with a PFS benefit for the combination compared with chemotherapy alone in the population with PD-L1 expression <1%, and OS results yet to be reported. 33 At the first part of this trial the authors compared nivolumab plus ipilimumab versus chemotherapy, confirming a longer PFS for the first arm in the subset of tumours with high mutational burden (at least 10 mutations per megabase). Of note, the latter did not correlate with PD-L1 expression, suggesting it may be a useful complementary biomarker for ICIs in the clinic. In addition, the ongoing phase III trial Impower150 combining carboplatin, paclitaxel and bevacizumab with or without atezolizumab reported improved PFS and OS for the four drugs regardless of the PD-L1 and epidermal growth factor receptor (EGFR) status, a population that had previously had limited therapeutic benefit with checkpointinhibitor monotherapy. 34 Regarding safety, as expected for all these combinations, chemotherapy plus ICI or anti-PD-(L)1 plus anti-CTLA-4 drugs, the rate of treatmentrelated adverse events (TRAEs) was slightly increased, with grade 3-4 adverse events reported in 67.2% of patients in the combination arm of the Keynote 189 trial. In total, 13.8% of patients discontinued treatment because of adverse events in this trial, data that are consistent within the rest of the mentioned clinical trials. Nevertheless, a better understanding of the mechanisms of toxicity will lead to better management of immunerelated adverse events.
Clinical development of durvalumab PD-L1 is a type I transmembrane protein from the B7 family that binds to either the PD-1 receptor, expressed on activated T-cells, or to CD80, expressed on both APCs and activated T-cells. As mentioned above, both interactions release an inhibitory signal that blocks T-cell activation and the effector phase. PD-L1 expression has been shown to correlate inversely with the clinical outcomes of some malignancies such as NSCLC, renal cell carcinoma, pancreatic and ovarian cancer. 35 Based on these findings, durvalumab (MEDI4736), a high-affinity human IgG1-1κ monoclonal antibody that blocks PD-L1 binding to PD-1 and CD-80, was developed. Durvalumab binds with a high affinity to PD-L1 but not to PD-L2, helping T-cells to recognize and neutralize tumour cells and potentially reduce the risk of inflammation in normal lung tissue. It has been specifically engineered to disable cytotoxic effector functions, such as antibody-dependent cellmediated cytotoxicity and complement-dependent cytotoxicity against cells expressing PD-L1. 36, 37 Durvalumab used as monotherapy in NSCLC: advanced disease Durvalumab was first evaluated as monotherapy in an ongoing phase I/II clinical trial (Study 1108, ClinicalTrials.gov identifier: NCT01693562) in patients with advanced solid tumours, including patients with refractory and treatment-naïve NSCLC. 11, 38 After a recommended dose of durvalumab 10 mg/kg every 2 weeks was established, several expansion cohorts were implemented. Initially patients were included regardless of the level of tumour PD-L1 expression, but later they were required to have high tumour cell PD-L1 expression, defined as ⩾25% of tumour cells staining for PD-L1 at any intensity using a validated immunohistochemical assay [VENTANA IHC PD-L1 (SP263) assay, Ventana Medical Systems, Inc.]. Objective response rates (ORRs) were variable in the different cohorts, observing the highest treatment benefit in treatment-naïve patients with high PD-L1 expressing tumours. 27 TRAEs of any grade and of grade 3/4 were seen in 57.2% and 10.2% respectively, of durvalumab-treated patients. Durvalumabrelated adverse events resulting in treatment discontinuation were reported for 17 patients (5.6%), and 1 patient died of pneumonia. The most frequent adverse events were fatigue (17.4%), decreased appetite (9.2%) and diarrhoea (8.9%).
Between Feb 2014 and Dec 2015, 444 patients were enrolled in the phase II, open-label, singlearm ATLANTIC trial (ClinicalTrials.gov identifier: NCT02087423). Eligible patients had advanced NSCLC with disease progression following at least two previous systemic regimens, including platinum-based chemotherapy and tyrosine kinase inhibitor (TKI) therapy if indicated. They received durvalumab 10 mg/kg every 2 weeks for up to 12 months in three different cohorts defined by EGFR/ALK (anaplastic lymphoma kinase) status [wild type (wt) or mutated (mut)] and tumour expression of PD-L1 (Table 2) .
A final analysis of the primary efficacy endpoint was recently published, 12 showing results comparable with those of the initial phase I/II trial: durvalumab was active and induced durable responses in a proportion of heavily pretreated patients.
EGFRmut/ALK-positive NSCLC patients showed lower responses than those with EGFRwt/ALKwt NSCLC, whereas higher PD-L1 expression increased the response both in patients with EGFRmut/ALK-positive NSCLC [ORR 12.2%, 95% confidence interval (CI): 5.7-21.8, cohort 1] and those with EGFRwt/ALKwt NSCLC (ORR 16.4%, 95% CI: 10.8-23.5, cohort 2). Nevertheless, the highest proportion of patients achieving an objective and durable response (30.9%, 95% CI: 20.2-43.3) was in cohort 3 (EGFRwt/ALKwt, ⩾90% of tumour cells expressing PD-L1). Similar results were seen in relation to PFS and median OS, with higher median OS (11-13 months) seen in patients with at least 25% of tumour cells expressing PD-L1 irrespective of EGFR or ALK status. Of note, OS data for patients with less than 25% of tumour cells expressing PD-L1 (9-10 months) were better than previously reported. 11, 27 The toxicity profile was consistent with that of other PD(L)-1 inhibitors. 39 TRAEs occurred in 256 (58%) of 444 patients, the most common being fatigue (50; 11%), hypothyroidism (36; 8%), asthaenia (31; 7%), nausea (28; 6%), and diarrhoea (27; 6%). Grade 3/4 TRAEs occurred in 40 (9%) of 444 patients: 6 (5%) of 111 patients in cohort 1, 22 (8%) of 265 patients in cohort 2, and 12 (18%) of 68 patients in cohort 3. The higher rate of adverse events in cohort 3 could be explained by the longer exposure of this subgroup to the drug. Interestingly, concerning adverse events of special interest, the incidence of pneumonitis was lower in cohort 1 (1.8%) than in cohorts 2 (2.6%) and 3 (4.4%), even though the first cohort had already received a TKI at some point in their disease.
Based on the results of these phase I and II trials, an ongoing randomized phase III clinical trial is now exploring the efficacy and safety of durvalumab versus standard of care chemotherapy as first-line treatment for patients with advanced EGFRwt/ALKwt NSCLC and a high PD-L1 expression in tumour cells (⩾25%; PEARL; ClinicalTrials.gov identifier: NCT03003962).
In an effort to explore the efficacy and safety of anti-PD(L)-1 treatment in subgroups with specific clinical characteristics that are normally under-represented in clinical trials, the following studies have been designed with durvalumab. The DURATION trial (ClinicalTrials.gov identifier: NCT03345810) evaluates the safety and tolerability of durvalumab after two cycles of standard of care mono-or combination chemotherapy in comparison with standard of care chemotherapy in frail/elderly patients (>70 years). Another phase II study is evaluating the efficacy and tolerability of durvalumab administered to patients with refractory/recurrent brain metastasis and NSCLC or other solid tumours (ClinicalTrials.gov identifier: NCT02669914).
As there is currently no established treatment for patients who have already received ICIs and platinum-doublet therapies, novel drugs are urgently needed.
For this purpose, HUDSON (ClinicalTrials.gov identifier: NCT03334617) is an ongoing phase II clinical trial with an umbrella shown that irradiation of a tumour provokes DNA damage and cell death, but also enhances the formation of tumour-associated neoantigens and damage-associated molecular patterns, that can induce an immunogenic response and promote the activation of cytotoxic T-cells. 40 By inducing a systemic increase in antigen recognition, radiation may also induce the T-cellmediated inhibition of untreated distant tumours (the abscopal effect). It has been demonstrated that radiotherapy in mice induces an increase in PD-L1 levels in the tumour, with a consequent increased tumour sensitivity to a PD-L1 inhibitor added to the effects of the irradiation. [41] [42] [43] Several case reports and retrospective data from patients treated with ICIs and radiotherapy have reported improved outcomes with the radiotherapy plus PD-1 or PD-L1 inhibitors. 44 A secondary analysis of the phase I Keynote 001 clinical trial of pembrolizumab in NSCLC patients 45 showed improved PFS and OS in patients that had previously received radiotherapy compared with those that did not (4.4 versus 2.1 months and 10.7 versus 5.3 months, respectively). Although pulmonary toxicity was higher in the group that had already been treated with radiotherapy, it was mainly grade 1 and 2, without any difference in grade 3 and 4 pulmonary toxicities.
With these premises, a randomized, double-blind, placebo-controlled, phase III study of patients with stage III locally advanced unresectable NSCLC who had not progressed following definitive platinum-based chemoradiation (⩾2 cycles), was designed to explore the benefit of durvalumab after standard treatment (PACIFIC; ClinicalTrials.gov identifier: NCT02125461). The first planned interim analysis showed that PFS was significantly increased in the durvalumab arm (16.8 months, 95% CI: 13.0-18.1) compared with placebo (5.6 months, 95% CI: 4.6-7.8), with a stratified HR for progression or death of 0.52 (95% CI: 0.42-0.65, p < 0.0001) and a similar toxicity profile in both arms. 9 After a follow up of 14 months, the rate of distant metastasis, including brain metastasis, was lower in the experimental arm (5.5% versus 11%) and all responders maintained a partial or complete response 6 months after having discontinued durvalumab. The PFS benefit with durvalumab was observed in all prespecified groups and was irrespective of PD-L1 expression. Of note, all biopsies were taken before patients underwent chemoradiotherapy, which does not assess the real status of PD-L1 just before starting durvalumab as this could have changed. The identification of a serum biomarker would be ideal in this situation to avoid re-biopsying these patients and potentially increasing the risk of complications. TMB has been described as a reliable tissue predictive biomarker for ICI response, and its assessment in blood (TMBb) could be explored in upcoming clinical trials. 29 The toxicity profile of durvalumab was consistent with prior data in metastatic disease, including the immunological side effects. As expected, the incidence of pneumonitis was somehow increased in the durvalumab-treated group (33.9% versus 24.8%), that was mostly grade 1 and 2, and the incidence of more severe cases was low (3.4%) and comparable to that in the control arm (2.6%).
While mature OS results are awaited to confirm the benefit of including durvalumab in the treatment of this population after standard treatment, other unanswered questions will need to be addressed in upcoming clinical trials. First of all, the timing and duration of immunotherapy seems to have played a role in the PACIFIC trial, taking into account that patients who received durvalumab fewer than 14 days after chemoradiation achieved better outcomes (HR of 0.39, 95% CI 0.26-0.58) than those patients treated later (HR 0.63, 95% CI 0.49-0.80). Secondly, it is not known if there is an optimal prior chemoradiation regimen (concurrent versus sequential) or whether chemotherapy could be ideally administered in combination with ICIs, in light of the impact of the combination therapy in recent trials. [28] [29] [30] [31] [32] [33] [34] Durvalumab in early-stage NSCLC Early stages (IB-III) of NSCLC have a 5-year OS rate of 25-70% following standard surgical treatment (lobectomy/pneumonectomy with systemic lymph node resection) or SBRT in the earliest stages. Neoadjuvant treatment based on platinum-doublet chemotherapy has been shown to result in an absolute increase in OS of 5% at 5 years, with comparable results to adjuvant treatment. However, >50% of early-stage patients will still die of lung cancer, meaning that novel and more effective strategies are therefore needed to improve outcomes in this group.
Several ongoing clinical trials are exploring durvalumab in the neoadjuvant and adjuvant setting (ClinicalTrials.gov identifiers: NCT 03030131, NCT02572843, NCT03130764). One randomized phase III, double-blind, placebo-controlled clinical trial (ClinicalTrials.gov identifier: NCT02273375), has planned for 1360 patients with completely resected NSCLC (stages IB-IIIA) to be enrolled and randomized to receive durvalumab 10 mg/kg every 2 weeks versus placebo every 2 weeks for up to 12 months after surgery and standard of care platinum-based chemotherapy. In another, phase II trial (ClinicalTrials.gov identifier: NCT03446547), durvalumab will be administered after SBRT as adjuvant treatment for stage I NSCLC patients that are medically inoperable or have refused surgery.
Combination therapy: durvalumab plus tremelimumab
Despite the clinical benefit shown in patients treated with drugs that block the PD-1/PD-L1 pathway, less than one fifth of all patients will experience durable responses. As such, strategies are needed that enhance T-cell activity to improve outcomes. Preclinical data suggest that combinations of CTLA-4 and PD-(L)1 inhibitors have a synergistic effect via different mechanisms of action. That is, by blocking CTLA-4, CD28 can bind to CD80/CD86 and thereby enhance the co-stimulatory signal necessary for robust T-cell activation and effector function, while PD-1 inhibition improves T-cell activation and cytotoxic activity on activated and exhausted lymphocytes. 46 Although toxicities appear to occur more frequently with such combinations, the most significant toxicities are immune-related adverse effects, which can be severe but are largely manageable with immunosuppressants.
Greater clinical activity in humans has been shown with the inhibition of multiple immune checkpoints rather than of one checkpoint in melanoma and other tumour types, including NSCLC. 47, 48 The phase I CheckMate 012 clinical trial combined nivolumab plus ipilimumab as first-line treatment for advanced NSCLC in a multiple arm design comparing different dosage regimens. Although high toxicity rates were seen in several cohorts, leading to treatment discontinuation, nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 or 12 weeks appeared to be more tolerable and had promising antitumour activity (ORR 38-47%). This regimen was chosen for the phase III CheckMate 227 clinical trial, that showed improved PFS in patients with a high TMB. 29 Tremelimumab is a selective fully humanized IgG2 monoclonal antibody inhibitor of CTLA-4 that promotes activation of cytotoxic T-cells in an early stage of the immune response. Preclinical data indicate that targeting PD-L1/PD-1 and CTLA-4 pathways could have additive or synergistic effects. 49 The first randomized open-label, multicentre, phase Ib clinical trial of durvalumab and tremelimumab (Study 006; ClinicalTrials.gov identifier: NCT02000947) showed that durvalumab 20 mg/kg plus tremelimumab 1 mg/kg every 4 weeks had a manageable tolerability profile, with antitumour activity irrespective of PD-L1 status; this was selected as the dose for the expansion phase and phase III studies, which are now ongoing. 13 The most frequent adverse events were consistent with the known toxicity profiles of durvalumab and tremelimumab, and comparable to those of the nivolumab and ipilimumab combinations. 47, 48 Grade 3 or 4 drug-related adverse events were reported in 42% of the overall population, and in 17% of the cohort receiving durvalumab 20 mg/kg and tremelimumab 1 mg/kg every 4 weeks; the most common of these events were diarrhoea (11; 11%), colitis (9; 9%) and increased lipase (8; 8%).
At present, there are three ongoing phase III clinical trials assessing the efficacy of durvalumab in combination with tremelimumab in different NSCLC populations (Figure 2) . [50] [51] [52] Of all of them, researchers of the MYSTIC clinical trial informed last year that tremelimumab plus durvalumab did not meet one of its primary endpoints (PFS) compared with standard chemotherapy.
Combination therapy: durvalumab with chemotherapy and other drugs
The dual role of cytotoxicity and immune system activation played by chemotherapy has provided a biological rationale for the development of combinations with immunotherapy. Following the results of the clinical trials combining an anti-PD-1 with chemotherapy in advanced NSCLC in the first-line setting 28, 29 and an anti-PD-L1 with chemotherapy and bevacizumab, 34 several studies are currently exploring the combination of an ICI with chemotherapy to improve effectiveness. 53 The Canadian Cancer Trials Group is conducting a phase Ib trial (INC.226 study, ClinicalTrials.gov identifier: NCT02537418) to evaluate the safety and efficacy of platinumbased chemotherapy plus durvalumab with or without tremelimumab in solid malignancies in a PD-L1 un-selected population. They reported that durvalumab 15 mg/kg every 3 weeks and tremelimumab 1 mg/kg (multiple doses q6w) or 3 mg/kg (3 doses q6w) can be safely combined with full doses of platinum-doublet chemotherapy. 54 In 17 of the 24 patients with advanced nonsquamous NSCLC, an objective response rate of 52.9% (95% CI: 28-77%) was seen. Most of the drug-related adverse events were grade 1 or 2, thus enabling the dose for the planned phase II and III studies of the quadruplet treatment to be established.
One of the largest phase III studies recruiting patients in this scenario is the POSEIDON clinical trial (ClinicalTrials.gov identifier: NCT03164616), which investigates the efficacy and safety of durvalumab plus tremelimumab with platinum-based chemotherapy versus durvalumab with platinumbased chemotherapy versus platinum-based chemotherapy alone in NSCLC patients with confirmed tumour PD-L1 status prior to randomization. Other combinations of chemotherapy with durvalumab are being explored in a phase II trial with nab-paclitaxel and durvalumab in previously treated NSCLC patients (ClinicalTrials.gov identifier: NCT02250326).
Patients with advanced NSCLC harbouring EGFR mutations and ALK rearrangements have been frequently excluded from clinical trials of ICIs, and the small number of patients included in these trials does not allow us to determine whether this population would benefit from these treatments. 55, 56 Nevertheless, recent data from the Impower 150 clinical trial, suggest that the combination of chemotherapy and an antiPDL1 can be effective in the EGFRmut population. 34 Regarding durvalumab, data from cohort 1 of the ATLANTIC clinical trial showed promising activity of this drug, particularly in patients with EGFRmut and high PD-L1 expression in tumour cells. 12 LA, locally advanced; OS, overall survival; PFS, progression-free survival; q2w, every 2 weeks; q4w, every 4 weeks; q12w, every 12 weeks; wt, wild type.
Numerous studies have been designed to evaluate the efficacy of combined treatment of a TKI with ICIs, where high response rates have been reported, although accompanied by higher toxicity. 57, 58 Among these, two clinical trials have evaluated the safety profile of the combination of a TKI with durvalumab. 59, 60 The first is a phase I study that combines gefitinib 250 mg once daily with durvalumab 10 mg/kg every 2 weeks (ClinicalTrials.gov identifier: NCT02088112); there, an ORR of 80% in 20 treatment-naïve EGFRmut NSCLC patients was reported. TRAEs consisted of diarrhoea (80%), increased ALT/AST (55%) and rash (60%), leading to discontinuation in four patients (three due to increased ALT/AST and one due to pneumonitis). TATTON (ClinicalTrials.gov identifier: NCT02143466), is a multi-arm phase Ib study of osimertinib in combination with different novel drugs in patients with advanced NSCLC and EGFRmut. After a dose escalation phase of osimertinib 80 mg once daily with durvalumab 10 mg/kg every 2 weeks, 11 treatment-naïve EGFRmut NSCLC patients were included in the expansion phase, reaching an ORR of 80%. Despite this outcome, interstitial lung disease was reported in 7 out of the 11 patients (64%; including 3 grade 3/4 cases) and diarrhoea in 6 patients (55%), which led to a premature cessation of this arm of the study due to pulmonary toxicity.
Cases of ALK-rearranged NSCLC in these clinical trials were seen less frequently than EGFRmut, so little evidence has been obtained concerning the efficacy of immunotherapy in this population. 61 To date, a phase I/II study of the safety and tolerability of nivolumab plus crizotinib for the first-line treatment of ALKpositive advanced NSCLC had to be terminated prematurely due to cases of severe hepatic toxicity. 62 An ongoing phase I/II clinical trial is evaluating the efficacy of a new ALK TKI (ensartinib) with durvalumab in ALK-positive advanced NSCLC patients (ClinicalTrials.gov identifier: NCT02898116).
Combination therapy: durvalumab with radiotherapy
The impressive results of the PACIFIC clinical trial 9 have laid the foundations for several clinical trials combining radiotherapy with durvalumab, including a Pacific-2 study where a concomitant chemoradiation plus durvalumab arm will be studied. 
Biomarkers: PD-L1 expression and beyond
One of the most significant challenges confronting immunotherapy is the identification of biomarkers that allow a more personalized medicine to be offered to each patient, thereby avoiding unnecessary exposure to potential toxicities and providing the greatest effectiveness, both clinically and financially.
The expression of PD-L1 in tumour tissue serves as one of the most studied biomarkers for ICIs. This expression correlates with a poor prognosis in many solid tumours, but a directly proportional relationship between PD-L1 expression and the efficacy of inhibitors of the PD-1/PD-L1 pathway has been shown in some clinical trials, including NSCLC. 19, 63 Nevertheless, when adding chemotherapy to immunotherapy or combining two different ICIs, the benefit in efficacy of these combinations was reproduced in every subgroup of patients regardless of PD-L1 expression in tumour cells, although the magnitude of the benefit seems to be still largely related PD-L1 expression. On the other hand, as different drugs have been approved, they have been accompanied by different IHC assays for PD-L1 expression, each designed by different companies and each using a different cut-off for the expression of this biomarker. The use of PD-L1 IHC as a predictive biomarker is confounded by multiple unresolved issues: antibodies with variable detection, differing IHC cut-offs, tissue preparation, processing variability, primary versus metastatic biopsies, oncogenic versus induced PD-L1 expression, and staining of tumour versus immune cells. This makes it difficult to interchange the current assays and cut-offs in each centre for the different drugs available and therefore may lead to a misclassification of the PD-L1 status for some patients. [64] [65] [66] The BLUEPRINT project sought to compare in different samples of NSCLC tumour tissue some of the currently available IHC assays in an effort to clarify concordance levels for each one. 67 In the phase I of that study, investigators concluded that three of the four assays (22C3, 28-8 and SP263) were closely aligned on tumour cell staining whereas the forth (SP142) showed a consistently lower number of tumour cells being stained. Despite these results, replacement of the validated cut-off for each assay with any other cut-off reduces the overall agreement compared with the reference standard. It would be interesting, perhaps in the postmarket setting, to study the correlation between the PD-L1 staining and different cut-offs with outcomes for the different anti-PD-(L)1 agents in the NSCLC population. The PD-L1 IHC assays also help to detect PD-L1 expression in immune cells, which has also been described as a predictive biomarker of response to ICIs. In the above-mentioned study, all of the assays demonstrated immune cell staining, but with greater variability than with tumour cell staining.
Taking into account the results of the CheckMate 227 and Keynote-189 trials, which show that some patients with PD-L1-negative tumours have durable responses to ICIs, 28,29 a major need is to define other predictive biomarkers. The MSKCC group and others have demonstrated that a greater somatic mutation burden is associated with a higher likelihood of response to immunotherapy in several tumour types, including melanoma, bladder cancer, NSCLC and mismatch repair-deficient tumours. 68 Recent analyses from the CheckMate 568 trial, a phase II trial of nivolumab plus ipilimumab in NSCLC, identified a TMB of at least 10 mutations per megabase (determined in targeted nextgeneration sequencing panels) as an effective cut-off for selecting patients most likely to exhibit a response. 69 These results were confirmed in the CheckMate 227 trial irrespective of the tumour PD-L1 expression level, thus establishing the importance of TMB as a biomarker that may be relevant across tumour types. This is also being investigated in blood (bTMB). 70
Conclusions: clinical potential and future directions
The immunotherapy era has broadened treatment options for patients with advanced NSCLC, thereby improving survival outcomes with potentially less toxicity. One of the latest strategies in NSCLC clinical trials, combining an anti-PD-(L)1 with chemotherapy, has shown durable responses and significant improvement of PFS and OS across all categories of PD-L1 expression in tumour cells.
In light of the recently reported relationship between TMB and response to immunotherapy and given that mutant EGFR and PD-L1-negative patients can also benefit from treatment with durvalumab and other immunotherapies, the search of a reliable predictive biomarker is one of the most important issues that need to be assessed. On the other hand, it is vitally important to understand the biology behind tumours of nonresponders as well as reasons for disease progression in initial responders.
Durvalumab has shown durable responses and clinical benefit, particularly in advanced NSCLC patients with PD-L1 expression in ⩾25% of tumour cells, but also in patients not selected on the basis of their PD-L1 status. The most robust data until now have been shown in stage III NSCLC patients after chemoradiation, where, PFS was significantly longer with durvalumab (16.8 months) than with placebo (5.6 months). Moreover, the median time to distant metastasis or death was also increased in the experimental arm. The risk of pneumonitis, one of the expected risks of the proposed treatment sequence, was increased but only of low grade and was easily manageable in most instances.
There are currently numerous ongoing clinical trials with durvalumab as monotherapy and in combination with other agents, being tremelimumab one of the most promising partners for durvalumab. Results from two phase III trials in the first-line setting (NEPTUNE and MYSTIC) are awaited to try to assess its efficacy compared with standard of care chemotherapy.
Other areas of interest include the potential role of retreating patients with these agents after progression or TRAEs, the timing and duration of treatment, or the possibility of treating patients with chemotherapy or radiation therapy that could theoretically alter PD-1/PD-L1 expression levels in tumours. All ongoing clinical trials with durvalumab and other ICIs will help in the evaluation of their perceived benefits in NSCLC patients.
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